In the Syrian hamster (Mesocricetus auratus), an animal that displays testicular regression due to short photoperiod, germ cells are removed by apoptosis during this process and the apoptotic remains are phagocytized by Sertoli cells. The aim of this work was to investigate morphologically whether the testicular regression process due to short photoperiod leads to the apoptosis of Sertoli cells, and whether, during testicular regression, the elongated spermatids are eliminated through phagocytosis by Sertoli cells. To this end, we studied testis sections during testicular regression in Syrian hamster subjected to short photoperiod by means of several morphological techniques using conventional light microscopy (hematoxylin and eosin [H&E], semi-thin section vimentin, immunohistochemistry, SBA lectin, and TUNEL staining), fluorescence microscopy, and transmission electron microscopy (TEM). H&E and semi-thin sections identified Sertoli cells with a degenerated morphology. Greater portion of Sertoli cells that were positive for TUNEL staining were observed especially during the mild regression (MR) and strong regression (SR) phases. In addition, TEM identified the characteristic apoptotic changes in the nucleus and cytoplasm of Sertoli cells. Moreover, during testicular regression and using light microscopy, some elongated spermatids were seen in basal position next to the Sertoli cell nucleus. This Sertoli phagocytic activity was higher in MR and SR phases. TEM confirmed this to be the result of the phagocytic activity of Sertoli cells. In conclusion, during testicular regression in Syrian hamster due to short photoperiod, when germ cells are known to be lost through apoptosis, there is morphological evidences that Sertoli cells are also lost through apoptosis, while some elongated spermatids are phagocytized and eliminated by the Sertoli cells.
INTRODUCTION
Sertoli cells are somatic cells of the seminiferous epithelium that are essential for the correct development of spermatogenesis. Among their principal functions are the maintenance of germinal cells in the seminiferous epithelium and the regulation of spermatogenesis through their hormonal receptors [1, 2] . Features long considered characteristic of the Sertoli cells are that they are quiescent and terminally differentiated [3] . Their numbers are constant in the adult animal in many species, including human [4] and rat [5] . In various pathological situations [6, 7] involving deterioration of the seminiferous epithelium, the number of Sertoli cells remains invariable, although they undergo ultrastructural alterations at the cytoplasm level [8, 9] .
In contrast, it is well known that Sertoli cell numbers vary during postnatal development [10, 11] in order to reach a suitable ratio between the number of germinal cells in the adult and the Sertoli cells themselves. These variations are the result of both cell proliferation and death. The latter results from apoptosis, as revealed by the TUNEL technique [12] , and has been seen both in vitro and in vivo in toxic treatments with cadmium [13] , nonylphenol [14] , or antiandrogenous agents, like cimetidine [15, 16] . In the above studies, apoptosis was characterized biochemically and morphologically and, in this last study mentioned, the apoptosis of Sertoli cells was evident as a result of their TUNEL positivity and confirmed by the changes observed in the Sertoli cells by transmission electronic microscopy (TEM).
It is known that testicular regression occurs during the nonreproductive period in seasonally breeding animals. In this period, the depletion of the seminiferous epithelium that occurs in some species, including hamster, is related to the apoptosis of germinal cells (spermatogonial, spermatocytes, and spermatids) [17] . Besides, hamster Sertoli cells are strongly affected, and the ultrastructural alterations that take place leads to a lower capacity to maintain the integrity of the seminiferous epithelium [18, 19] . These structural alterations are the result of the sharp decrease in FSH and testosterone that occurs in the short photoperiod [20, 21] . Related to these changes in Sertoli cells, there has been discussion in the literature as to whether, in addition to these alterations, there are changes in the population size or whether their numbers remain constant. While some authors have observed that Sertoli cell numbers are constant during testicular regression in the nonreproductive season of Iberian mole [22] and regressed Syrian hamster [19, 23] , others, using stereological techniques in the Djungarian hamster [24, 25] , or semiquantitative analysis in the vizcacha, a South American rodent [26] , as well as crow [27] and starling [28] , observed a diminution in numbers during regression. In both the crow and starling, the authors observed apoptotic Sertoli cells as TUNEL þ , and, in the case of the starling, the cells were also ultrastructurally characterized. In Djungarian hamster, the diminution of Sertoli cells was attributed to apoptosis, although no morphological evidence was provided [24] .
In addition to the above, another well-known property of Sertoli cells is their phagocytic activity, which develops during spermatogenesis, eliminating residual bodies [29, 30] and the remains of germinal cells (spermatogonia, spermatocytes, and round spermatids) that have been eliminated by a process of apoptosis [17] . In normal situations, elongated spermatids are released by Sertoli cells to the lumen of the seminiferous tubule. A correct interaction between the membranes of Sertoli cells and these spermatids is essential for early spermatids to mature into elongated spermatids [31] . The phagocytosis of elongated spermatids has not been described under normal conditions in vertebrates, except in teleost fish during the normal process of spermiation [32] . In contrast, in physiologically altered conditions in the seminiferous epithelium, elongated spermatids are not always released by the Sertoli cells, but are phagocytized. Among the causes most studied in this respect are vitamin deficiency [6, 33] , hormonal alterations (testosterone and FSH suppression) [34, 35] , and mutations in proteins related with the adhesion of Sertoli cells to germinal cells, both in vivo [36] and in vitro [37] .
In Syrian hamster, our group has studied the role of proliferation and apoptosis in the nonreproductive seasonal testes using TUNEL and TEM, identifying apoptosis mainly in spermatocytes [38] . Using lectins as markers of apoptotic germinal cells, we recently observed how the apoptosis affects spermatocytes, early spermatids, and Sertoli cells during testicular regression due to short photoperiod in the seminiferous epithelium. Similarly, in normal Sertoli cells, it was possible to observe the remains of elongated spermatids that were positive to some of the lectins with affinity for the acrosome [39] .
Consequently, in the present work, using more specific morphological techniques, we studied the complete process of testicular regression due to short photoperiod in the Syrian hamster (Mesocricetus auratus) in an attempt to elucidate whether, during seminiferous epithelium regression: 1) the death of Sertoli cells by apoptosis occurs and 2) elongated spermatids are phagocytized by Sertoli cells.
MATERIALS AND METHODS

Animals
For the experiment, 50 sexually mature 6-mo-old male hamsters (M. auratus) were maintained initially with 14L:10D light-dark photoperiod. Five healthy and sexually mature 6-mo-old male hamsters (M. auratus) were used as controls and maintained with a 14L:10D light-dark photoperiod. The animals were kept in the animal facility of the University of Murcia at a room temperature of 208C and provided with food and water ad libitum. In addition, 45 6-mo-old animals were subjected to a short photoperiod of 8L:16D lightdark photoperiod. At 4, 6, 8, 10, and 12 wk, nine treated animals plus one control were killed by overdose of CO 2 in a closed chamber and the testes were immediately removed. This study was performed according to the ethical and legal standards of Spain mentioned in Royal Decree RDL 1201/2005 of 10th October on protection of animals, used for experimentation and other scientific proposes, and 2010/63/EU legislation on animal protection. The samples were fixed in Methacarn solution (chloroform, methanol, and acetic acid [6:3:1]) for 8 h at room temperature and processed and embedded in paraffin. Sections (5 lm) were stained with the routine hematoxylin and eosin (H&E) technique. Three regression groups were established: mild regression (MR), strong regression (SR), and total regression (TR). These groups were established not only according to the time of exposure to a short photoperiod (MR, 4 wk; SR, 6-8 wk; TR, 12 wk), but also to the tubular diameter (control, [40] . In our study, germ cell apoptosis was examined by in situ detection of apoptosis (TUNEL) and transmission electron microscopy (TEM).
TUNEL Labeling Assay
Germ cell apoptosis was examined according to the protocol of the TACS TdT in situ Apoptosis Detection kit (TUNEL reaction; R&S Systems, Minneapolis, MN). The samples were deparaffinized, hydrated, washed, and incubated with proteinase K (1 mg/ml). The peroxidase activity was quenched with 10% H 2 O 2 . The samples were immersed in 13 TdT labeling buffer (1 M TACS Safe-TdT Buffer, 0.5 mg/ml BSA, 0.6 mM 2-mercaptoethanesulfonic acid) at 18-248C for 5 min and incubated for 1 h at 378C with TdTdNTP Mix (0.25 mM biotinylated dNTP), 503 Mn þ2 (1 ll), TdT enzyme (1 ll), and 13 TdT labeling buffer. The reaction was stopped with TdT stop buffer (0.1 M EDTA, pH 8.0). Subsequently, the samples were washed in PBS and incubated with streptavidin-HRP for 10 min at 18-248C. After washing in PBS, the samples were stained with TACS Blue Label and incubated with Contrast C solution (nuclear fast red). Negative control sections, processed without TdT, did not show positive labeling. To study cell apoptosis, we proceeded to scan two sections per animal with a microscopic slide scanner (SCN400F; Leica Biosystem). The images were stored on a local server using the Slide Digital Hub software (Leica Biosystem), and images were retained for further study.
Confirming the Observation of TUNEL þ Sertoli Cells
To confirm the presence of TUNEL Sertoli cells, two light microscopy techniques were applied: immunostaining and double-fluorescence staining. 1) Immunostaining for light microscopy to detect vimentin filaments, structural component of the cytoskeleton exclusive to the Sertoli cells in the seminiferous epithelium [41] . The sections used were the same as those obtained for TUNEL histochemistry and previously scanned. For that reason, before performing the immunohistochemical technique, we proceeded to immerse the slides in xylene until it was possible to take off the coverslips gently and not destroy the tissue. After removing the coverslips and the mounting medium, the samples were rehydrated, washed in PBS for 15 min, and then incubated with an antibody against vimentin (monoclonal mouse anti-vimentin clone V9; Dako Denmark) at 1:50 dilution in 1% PBS/ BSA for 2 h in a humid chamber at 378C. After rinsing in PBS, the samples were incubated with biotinylated rabbit anti-mouse IgG (Dako, Denmark) at 1:200 dilution in 1% BSA/PBS for 45 min in a humid chamber at room temperature, followed by three rinses in PBS. The samples were then incubated with streptavidin-HRP (Dako, Denmark) at 1:400 dilution in 1% BSA/PBS for 30 min in a humid chamber at room temperature and revealed with 0.05% diaminobenzidine (DAB) in 3% H 2 O 2 for 2 min. The counterstaining was performed with nuclear fast red for 1 min. The samples were dehydrated, washed in xylene, and mounted for later observation. As a negative control, one of the preparations was processed with the primary antibody replaced by PBS. Finally, samples were studied with an Olympus BX-51 light microscope and photographs were taken with an Olympus DP-25 digital camera connected to the microscope. 2) Double-fluorescence staining in order to make a second confirmation of the above observations. To this end, two combined techniques (TUNEL histochemistry followed by vimentin immunohistochemistry) were performed. All aqueous dilutions were made with DNase-free water. Samples were dewaxed and rehydrated following the TUNEL technique protocol. Next, blocking with PBS/glycine for 20 min at room temperature was followed by permeabilization with Cytonin (proteinase K is not recommended for this technique) for 1 h at 378C. After that, samples were incubated with an antibody against vimentin (monoclonal mouse antivimentin clone V9) at 1:50 dilution in 1% PBS/BSA for 1 h at 378C followed by three rinses in DNase-free H 2 O. At this point, the protocol for TUNEL technique was employed, stopping before the streptavidin-HRPrevealed step. From this point, all steps were made in the dark. The samples were incubated jointly with both secondary antibody Alexa Fluor 488 goat anti-mouse IgG (Molecular Probes) diluted 1:400 for vimentin, and Alexa Fluor 594 streptavidin-fluorescein conjugated (Invitrogen) diluted 1:1000 for TUNEL for 45 min at room temperature. The samples were then washed in SECO-ROVIRA ET AL.
PBS three times, mounted with a specific fluorescence mounting medium (Dako, North America), and stored at 48C overnight. Finally, the samples were studied with a fluorescence microscope (Zeiss Axiophot) provided with two fluorescence filters, allowing images of the distribution of vimentin filaments in green and TUNEL þ cells in red to be captured at the same time. The images of both fluorescence spectra were merged using Image J software (NIH, Bethesda, MD).
SBA Lectin Histochemistry
To better detect late spermatids phagocytized by Sertoli cells, an SBA lectin histochemistry technique was employed. For that process, sections were deparaffinized and rehydrated through a series of decreasing ethanol concentrations. In the case of SBA, HRP-conjugated lectin, the samples, after a brief rinse for 5 min in Tris-buffered saline (TBS; pH 7.4), were incubated in a solution containing 0.3% H 2 O 2 to block endogenous peroxidase activity. After three rinses in TBS, sections were incubated with the lectin (Sigma) at the appropriate dilution in a moisture chamber at room temperature for 1.5 h. After washing in TBS, sections were immersed in TBS containing 0.05% DAB and 0.3% H 2 O 2 to demonstrate peroxidase-containing sites. Sections were then counterstained with Harris hematoxylin, dehydrated, cleared, and mounted in DPX. To assess the specificity of the lectin staining, the following controls were used: 1) preabsorption of the lectin with their corresponding inhibitory sugar at a concentration of 0.2 M and 2) substitution of conjugated lectin by TBS to determine the presence of endogenous peroxidase activity.
Semiquantitative Study
To determine the TUNEL þ activity of Sertoli cells in the different testicular regression groups, a semiquantitative study was performed obtaining a Sertoli cell TUNEL þ index. For this study, scanned TUNEL sections were used and 10 random fields for each of the two scanned sections were used. Within each field, both TUNEL-positive and -negative Sertoli cells were counted and an index generated, calculated as: (TUNEL þ Sertoli cells/total number of Sertoli cells) 3 100. Later, using vimentin-stained sections, it was confirmed whether all TUNEL þ cells with a Sertoli cell appearance were in fact TUNEL þ . In order to study the phagocytic activity of elongated spermatids from Sertoli cells, a count of the number of elongated spermatids phagocytized was made regarding 1600 Sertoli cells per regression group. For this count, the SBA lectin histochemical technique was used, counting only those spermatids that were close to or below the nucleus of Sertoli cells. The results for both semiquantitative studies are summarized in Table 1 .
TEM Study
Samples (1 mm   3 ) were fixed for 4 h in 3.5% glutaraldehyde in 0.1 M sodium cacodylate buffer. They were then washed in 0.855 mg/100 ml saccharose-cacodylate, postfixed in 1% osmium tetroxide (for 2 h), dehydrated in a graded acetone series, and embedded in Epon 812 (Serva, Heidelberg, Germany). Semi-thin sections (1 lm thick) were stained with toluidine blue. Ultrathin sections were cut using a Reichert-Imy Ultracut ultramicrotome and contrasted with uranyl acetate and lead citrate. The ultrastructural study was performed with a Jeol-1011 electron microscope.
Statistical Analysis
The data were logarithmically transformed. A one-way ANOVA was conducted followed by a post hoc test contrasting equality between pairs of means, using the least significance difference test and Bonferroni method. The results were considered statistically significant when the P value was less than 0.05. The results are presented as average (6SEM) in the text and tables. The SPSS 19 statistical software package was used for these analyses.
RESULTS
H&E revealed the existence of Sertoli cells, especially in the MR and SR groups, with a morphology that was considerably altered at the nucleus level, where a pronounced degree of flattening could be observed, accompanied by an increase in basophilia (Fig. 1, A-C) . This was also evident in semi-thin sections stained with toluidine blue (Fig. 1, D and E) . The TUNEL technique identified the presence of some cells in the basal zone of the seminiferous epithelium as TUNEL þ with a very similar morphology to that of Sertoli cells, next to germinal cells that were also TUNEL þ (Fig. 1F) . To confirm that these TUNEL þ cells were Sertoli cells, immunostaining for vimentin was carried out in the same sections, and we observed that the cells were indeed Sertoli cells (Fig. 1, G-J) . Finally, the double-immunofluorescence technique for TUNEL and vimentin confirmed the existence of Sertoli cell that were both vimentin þ and TUNEL þ (Fig. 1K ) Using TEM, it was possible to identify Sertoli cells in the MR and SR groups that were morphologically quite different from normal cells. TEM also identified morphologically normal cells or cells with alterations that were to be expected during regression. Next to these, ultrastructural changes considered characteristic of cell death could be observed. The clearest initial changes were flattening and increased cytoplasmic electron density ( Fig. 2A) . Associated with this change in the cytoplasm, vesicular structures (Fig. 2, A and B) and degenerated mitochondria (Fig. 2C) , along with dilatations of the Golgi apparatus (Fig. 2D) , were observed. Also frequent, in intermediate stages of degeneration, was the accumulation of a granulose component in the cytoplasm, which seemed to represent numerous groups of free ribosomes (Fig. 2, C and D) .
Also clearly visible were changes in the cytoplasmic prolongations of the Sertoli cells, which lost contact with the adjacent germinal cells (Fig. 2E) . In regard to the nuclei of the Sertoli cells, wrinkling and a significant increase in chromatin electron density were observed compared with the typical nucleus of this type of cell (Fig. 2, A and B) .
In more advanced stages of degeneration, a substantial diminution in the size of the Sertoli cells was accompanied by a greater degree of nuclear flattening and an increase in ribosome accumulation, while a dilation of the Golgi cisterns and of the mitochondria became more evident (Fig. 3, A-D) . In the final stages of degeneration, the nuclei showed high electron density and pronounced retraction of the cytoplasm, where only large vesicular structures and dilations could be seen (Fig. 3, E and  F) . This phenomenon was evident until the total condensation and fragmentation of the nucleus in the final stages of Sertoli cell death (Fig. 3G) .
In the semiquantitative study (Table 1 ) of the Sertoli cell death phenomenon during testicular regression due to short photoperiod, it was observed that the index of TUNEL þ Sertoli cells in the MR (1.45 6 0.33) and SR (0.95 6 0.15) groups was significantly higher than in the TR group (0.30 6 0.05) (P , 0.05). No significant difference between the MR and TR groups was observed. 
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In regard to the phagocytic activity of Sertoli cells in the seminiferous epithelium, besides phagocytizing the apoptotic remains of spermatogonia, spermatocytes, and round spermatids, the cells also phagocytized elongated spermatids, which, as a consequence, were not expelled to the tubular lumen. The first observations of this event were made by light microscopy using H&E staining (Fig. 4, A and B) , semi-thin sections (Fig.  4C) , SBA lectin histochemistry (Fig. 4, D and E) , and by TUNEL (Fig. 4, F and G) , which occasionally identified TUNEL þ elongated spermatids (Fig. 4F) . In all cases, it was possible to identify elongated spermatids in the vicinity of the nuclei of Sertoli cells and in basal positions of the same, observations that were confirmed by TEM.
TEM also identified heads of elongated spermatids into vacuoles in basal positions of the seminiferous epithelium (Fig.  4H ) and even portions of spermatids close to the nuclei of Sertoli cells (Fig. 4, H-J) . These Sertoli cells showed completely normal ultrastructural characteristics, with welldeveloped nuclei and normal cytoplasm, although, generally, a large quantity of lipidic vacuoles, typical of cells in regression, was observed (Fig. 4J) . This phagocytosis of elongated spermatids was evident in the MR and SR groups, but not in the TR group, in which spermatogenesis only progressed as far as the round spermatid stage.
In the semiquantitative study (Table 1 ) of the phagocytic activity of elongated spermatids from Sertoli cells, high phagocytic activity was observed in the MR group (14.03 6 0.92). This activity was less, although not significantly so, in the SR group (9.45 6 1.81), while, in the TR group, phagocytic activity was significantly lower (0.60 6 0.33) (P ,0.05) than in the other two regression groups.
DISCUSSION
Sertoli cells, which are essential for maintaining seminiferous epithelium integrity in the adult [1, 42] , suffer a process of cell death during postnatal testicular development in many species [10, 11] . Sertoli cells have also been observed to die in situations involving hormonal alterations that are essential for spermatogenesis regulation, such as FSH deficiency in knockout animals [35, 43] . Moreover they are also affected by the administration of toxins or drugs, which has been seen to lead to cell death by apoptosis [44] . In seasonal-breeding animals, like the vizcacha [26] , horse [45, 46] , and other vertebrates, including amphibians [47] , fishes [48] , and birds SECO-ROVIRA ET AL. [27, 28, 49, 50] , the nonreproductive season testicular regression of which is associated with the greater or lesser depletion of the seminiferous epithelium, the total number of Sertoli cells has been observed to decrease, while in hamster the data are contradictory, as we have seen. In Syrian hamster, for example, it has been reported that no changes occur in the number of Sertoli cells in short photoperiod [23, 51] . In Djungarian hamster, on the other hand, stereological techniques (e.g., using a disector) pointed to a reduction in the number of Sertoli cells [24, 25] . In our study, H&E showed that Sertoli cells in the seminiferous epithelium display a morphology typical of cell death, while the TUNEL technique, along with vimentin immunohistochemistry, pointed to vimentin and TUNEL þ cells. Furthermore, the Sertoli cell TUNEL þ index was higher in the MR and SR groups. In other studies, it has already been reported how the death of Sertoli cells leads them to be seen as TUNEL þ [15] , a qualitative observation that agrees with the gradual loss of germinal cells through apoptosis observed in Syrian hamster during testicular regression due to short photoperiod [52] . The evidence of Sertoli cell death provided in our study leads us to think that, just as the death of germinal cells occurs in both species during epithelium regression (Syrian hamster and Djungarian hamster) [53, 54] , there may be a diminution of Sertoli cells in Syrian hamster, just as in Djungarian hamster [24] . Moreover, given the reduced TUNEL þ activity of Sertoli cells observed in the TR group, our findings pose the question of how, during recrudescence, the normal population of Sertoli cells is attained, since they have been considered for many years as quiescent after their prepubertal proliferation [55, 56] ; however, not all authors agree on this point. Furthermore, during recrudescence in both Djungarian hamster [57] and 
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horse [45, 46] , the Sertoli cell population would be reestablished as a result of mitosis. In this way, the increase in germinal cells during recrudescence would be accompanied by the necessary support of the Sertoli cells, the germinal/Sertoli cell ratio remaining constant. This would not occur in species, such as the Iberian mole, in which depletion of the seminiferous epithelium in the nonreproductive season occurs mainly through the desquamation of germinal cells [58] , while   FIG. 3 . TEM of Sertoli cells in advanced state of degeneration. A) In the more advanced stages of degeneration, the electron density of the Sertoli cell increases and cytoplasmic dilatations are more marked (arrows; image taken from the TR group). B) Detail of white square in A showing abnormal mitochondria (arrowheads) and cytoplasmic dilatations (arrows), accompanied by increased ribosome aggregation (asterisk). C) In advanced stages of Sertoli cell degeneration, increased cytoplasmic retraction is evident, the nucleus (SN) loses its characteristic morphology and cytoplasmic dilatation is considerably more pronounced (arrows) in the MR group. D) Detail of black square showing ribosome accumulation and a large quantity of dilatations in the cytoplasm (arrow). E and F) Advanced stage of Sertoli cell degeneration in the MR (E) and TR (F) groups, in which both the nucleus (SN) and cytoplasm are totally retracted and electron dense, and where only some lipid vesicles and vacuoles can be distinguished (arrows). G) Final stage of Sertoli cell degeneration in which the nucleus suffers total degeneration, and chromatin condensation and aggregation are evident (image taken from the TR group). Original magnification 36000 (A), 330 000 (B), 33900 (C), 323 000 (D), 33000 (E and F), 310 000 (G). SC, spermatocyte; SG, spermatogonia.
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Sertoli cell death is not observed and the apoptosis of germinal cells is similar to that observed in the reproductive season [22] .
As is known, to determine whether the cell death of a tissue is due to apoptosis, the results of TUNEL should be corroborated by another technique, electron microscopy being the technique most commonly chosen [40] . The ultrastructural degeneration of Sertoli cells observed in our study was similar to that observed in studies involving the application of toxins, such as cadmium [13] , nonylphenol [14] , or cimetidine [16] , and to that observed in antiapoptotic factor-mutated rats [59] . However, Sertoli cell death has been little studied using TEM in normal physiological conditions. In vizcacha [26] , Sertoli cells suffer a size reduction during testicular regression, and also nuclear and cytoplasmic alterations, including the appearance of dilatations in the endoplasmic reticulum and Golgi. However, the author did not go so far as to claim that Sertoli cell death occurred, but merely pointed to a certain degree of degeneration associated with regression. In contrast, in starling, Young [28] not only provided data on the presence of TUNEL þ Sertoli cells, but also applied TEM to the same. The ultrastructural characteristics, such as irregular nucleus, chromatin marginalization, and alterations in the cytoplasm, partly coincide with our observations. According to the author, the description provided is the only one of Sertoli cells in regressed testes associated with seasonal reproduction. Moreover, compared with the regression observed in white-foot mouse (studied by the same author), in which no Sertoli cell death was observed [60] , the author proposed two cell models of seasonal testicular regression, one in rodents, involving only the apoptosis of germinal cells, and the other in birds, with the apoptosis of both germinal and Sertoli cells [49] . Our study suggests a different paradigm. First, the morphology of our Sertoli cells coincides closely with that observed in starling by Young [28] , confirming their apoptosis in Syrian hamster during short photoperiod-induced testicular regression. Second, the presence of these apoptotic Sertoli cells agrees with stereological data available concerning the loss of Sertoli cells during testicular regression in Djungarian hamster [60] . Third, 
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the results of our study would contradict the theory propounded by Young [49] , as a similar mechanism to that observed in birds exists in rodents, whereby the apoptosis of both germinal cells and Sertoli cells could participate in the Syrian hamster's testicular regression. The recent hypothesis that testicular regression in certain mammals is mainly due to desquamation [58] complicates the question even more. We consider that, depending on the final degree of seminiferous epithelium regression (which is species dependent), one or several cell mechanisms may be involved in triggering this phenomenon. In species that show only slight epithelial regression, desquamation of the seminiferous epithelium would be enough, as in the case of Iberian mole [22, 58] , but when the nonreproductive season causes total depletion (similar to hypogonadism, but natural and reversible), not only is the partial elimination of germinal cells necessary, but also the elimination of Sertoli cells to reduce testis size, with the corresponding reduction in testicular tubule volume, as would occur in Syrian hamster [23] . This would agree with the observed death of Sertoli cells in hypogonadal rats [43] , and would support the thesis that Sertoli cells in hamster are not terminally differentiated [61] , and that FSH plays an important role in the regulation of any differentiation [57] .
One of the principal functions of Sertoli cells is the phagocytosis of spermatid residual bodies [30] and of apoptotic germinal cells in the seminiferous epithelium [62] , a very important phenomenon in both physiological and pathological situations [63] . During the testicular regression of Syrian hamster as a result of short photoperiod, we have observed that Sertoli cells in addition to phagocytosing the remains of spermatogonia, spermatocytes, and round spermatids, also phagocytize elongated spermatids with an increased activity in MR and SR groups. This phenomenon is common in conditions in which spermatogenesis is altered, as occurs after the alteration of hormonal parameters, like FSH or testosterone [64] , and the administration of estrogens [65] or toxins [36, 66] , leading to a failure in the release of elongated spermatids. This complete phagocytosis of elongated spermatids may be due to the low capacity of elongated spermatids to enter into apoptosis, implying that they need to be totally phagocytized if they are to be eliminated during regression. Such an observation may be related to the fact that the Sertoli-spermatid cell-binding complexes play an important role during the maturation and displacement of elongated spermatids toward the lumen of the seminiferous epithelium-the so-called ectoplasmic specializations (ESs)-and, for their subsequent release to the tubular lumen, these ESs must be eliminated [35] . A breakdown in the release mechanism of elongated spermatids would lead to their internalization by Sertoli cells and their subsequent phagocytosis [29] .
In addition to the morphological evidence presented, the TUNEL staining technique demonstrated the existence of some TUNEL þ acrosomes of elongated spermatids during testicular regression in the basal part of Sertoli cells. This has been associated with a failure in the spermiation process of several species, including human [67] , rat [68] , and mouse [69] , in which the cells were deemed apoptotic by the authors. In other studies, elongated spermatids have been observed to suffer DNA fragmentation as one of the transformations in spermiogenesis, provoking false positivity by TUNEL [70, 71] . Therefore, it is not clear whether the positivity observed through TUNEL in our study was due to the apoptosis of these cells or, as is more likely, to a false positivity due to the stage of nuclear development of the spermatids when phagocytized by the Sertoli cells or to the process of lysosomal digestion by the same. In light of the above results, during testicular regression due to short photoperiod, depletion of the seminiferous epithelium in the initial and middle phases would also be facilitated by the phagocytosis of these spermatids, which, as mentioned, do not usually enter into apoptosis. As also mentioned previously here, a breakdown in spermiation, perhaps related to a radical diminution of FSH during regression, would stimulate the phagocytic activity on the part of the Sertoli cells. This phenomenon would occur from the beginning of testicular regression, decreasing as the epithelium ceases to generate new elongated spermatids. The involvement of Sertoli cells in the phagocytosis of elongated spermatids coincides with the regression stages, where the highest death index is found. Perhaps increased phagocytosis could facilitate the increase in frequency of Sertoli cell death, although our study failed to observe both ultrastructural phenomena together in the same Sertoli cell.
In conclusion, our study provides clear morphological evidence that Sertoli cells suffer cell death of an apoptotic nature. In addition, aside from their usual capacity to phagocytize the remains of apoptotic spermatogonia, spermatocytes, and round spermatids, Sertoli cells phagocytize elongated spermatids during testicular regression due to short photoperiod. These two phenomena, which have already been described in conditions considered extreme for Sertoli cells in mammals, were, in our study, observed in a physiological process aimed at the depletion of the seminiferous epithelium during the nonreproductive season. These observations may be related to the regression of the seminiferous epithelium after exposure to a short photoperiod in Syrian hamster, where this process would be due both to the apoptosis of spermatogonia, spermatocytes, and round spermatids [39, 53] and the elimination of elongated spermatids through phagocytosis, without discarding a possible role for cell desquamation. In addition, Sertoli cell death during the process would be related to a great diminution in cell numbers during regression and to the consequent diminution in testicular volume [18] . Finally, these results point to the existence of a variety of cell mechanisms in vertebrates that permit the regression of the seminiferous epithelium during the nonreproductive season. Such mechanisms would include the apoptosis of germinal and Sertoli cells [48] , the desquamation of germinal cells [58] , and all that we have related above concerning our study that implies the apoptosis of germinal and Sertoli cells accompanied by the phagocytosis of elongated spermatids. The preponderance or a combination of some of these mechanisms may depend on the degree of epithelial atrophy attained, which could be related to the specific seasonal breeding of a given species.
